Melghiribacillus thermohalophilus gen. nov., sp. nov., a novel filamentous, endospore-forming, thermophilic and halophilic bacterium T , respectively. The major menaquinone was MK-7. The polar lipid profile consisted of phosphatidylglycerol, diphosphatidylglycerol, three unknown phosphoglycolipids and two unknown phospholipids. The predominant cellular fatty acids were iso-C 15 : 0 and iso-C 17 : 0 . The DNA G+C content was 41.9 mol%. Based on the phenotypic, chemotaxonomic and phylogenetic data, strain Nari2A
Halophilic bacteria are classified as slightly halophilic, moderately halophilic or extreme halophilic, according to their salt requirements (Kushner, 1985) . They are represented by heterogeneous physiological and taxonomic groups (Ventosa et al., 1998a; Ventosa, 2006; Sanchez-Porro et al., 2009; Amoozegar et al., 2013) , and are largely found within aerobic or facultatively anaerobic, Gram-staining-positive, endospore-forming bacteria. The term 'aerobic endosporeforming bacteria' is used to embrace species of Bacillus and related genera, and the production of resistant endospores in the presence of oxygen has long been their defining feature . Bacillus, the type genus of the family Bacillaceae, is the most diverse, but further genotypic and phylogenetic studies of this genus have led to the creation of several new genera, and several species misassigned to the genus Bacillus have been transferred to these new genera . The majority of taxa are aerobic or facultatively anaerobic, chemo-organotrophic rods that possess Gram-type-positive cell-wall structures and that form endospores. However, there are exceptions to all of these characteristics; the family includes strict anaerobes, autotrophs, cocci and organisms that do not form endospores. Although the commonest Gram reaction is Gram-staining-positive, many species of the family are Gramstaining-variable or Gram-staining-negative ).
The family Bacillaceae includes more than 30 genera that include haloalkaliphilic or halophilic species (Oren, 2002) , widely distributed in hypersaline habitats (Ventosa et al., 1998a, b) . These habitats are ubiquitous; nevertheless, they are often subject to multiple extreme conditions such as high UV radiation, high temperature and/or high alkalinity (Mesbah & Wiegel, 2012) . Under such conditions, a unique group of polyextremophiles thrive, named thermohalophiles, that grow optimally under the combined conditions of high salinity and elevated temperature (Cayol et al., 2000) .
In this study, a novel Gram-staining-positive, filamentous, thermophilic, moderately halophilic bacterium is described. Samples were taken from sediments collected from Chott Melghir, a salt lake located north-east of Biskra city in Algeria (34 u 009 000-34 u 309 010 N 6 u 079 300-6 u 309 020 E), in the Saharan region, characterized by an arid, hot and dry climate. Chott Melghir is the largest salt lake of the African continent, with a surface area of 5515 km 2 , in the lowest point of the Sahara (35 m below sea level). It is characterized by alkaline pH (8.4) and a salinity of 112 g l
21
. Isolation was carried out by introducing 1 g of the soil sample to 100 ml ISP 2 liquid medium (l
: 4 g glucose, 4 g yeast extract, 4 g malt extract, 2 g CaCO 3 ; Shirling & Gottlieb, 1966) supplemented with 10 % (w/v) NaCl, and incubating at 55 uC under orbital shaking at 160 r.p.m. for 7 days. From this culture, samples of 100 ml were taken daily and seeded on the surface of ISP 2 agar supplemented with 10 % (w/v) NaCl. The incubation was carried out at 55 u C for 2-7 days.
After enrichments and several purifications, strain Nari2A T was isolated. The strain was conserved at 280 u C as a 20 % (w/v) glycerol suspension in ISP medium 2 supplemented with 10 % (w/v) NaCl.
Previously described methods were used to purify, amplify and sequence the nearly full-length 16S rRNA gene (1552 nt) of strain Nari2A
T (Ben Dhia Thabet et al., 2004) . The partial sequence generated was assembled using BioEdit version 5.0.9 (Hall, 1999) and the consensus sequence was corrected manually for errors. Identification of phylogenetic neighbours was carried out by using the BLASTN program (Altschul et al., 1997) and the Sequence Match program (Cole et al., 2009) . These sequences were extracted and aligned according to the 16S rRNA secondary structure using BioEdit. Evolutionary distances were calculated by using the Jukes and Cantor option (Jukes & Cantor, 1969) . Phylogenetic trees were reconstructed with the TREECON program using the neighbour-joining method (Saitou & Nei, 1987) . The tree topology was re-examined by the bootstrap method (2000 replications) of resampling (Felsenstein, 1985) . Its topology was also supported by using the maximum-parsimony and maximum-likelihood algorithms implemented in MEGA 4.0.2 (Tamura et al., 2007) .
Analysis of the closest phylogenetic neighbours indicated that the isolate clustered with members of the family Bacillaceae (Fig. 1) . Strain Nari2A T showed 16S rRNA gene sequence similarity of 95.4, 95.4 and 95.2 % to Thalassobacillus devorans G19.1 T (García et al., 2005) , Sediminibacillus halophilus EN8d T (Carrasco et al., 2008) and Virgibacillus kekensis YIM-kkny16 T (Chen et al., 2008) , respectively. The position of strain Nari2A
T was strongly supported on the basis of bootstrap values. A high degree of concordance was observed between the clustering within the Bacillaceae in the three trees. The data show that strain Nari2A T forms a well-supported subline within the Bacillaceae that is distinct from all other genera within the family. Furthermore, the divergence of 4.6 % from the nearest genus, as well as the branching structure, support the classification of the isolate in a new genus within the family (Fig. 1) .
The novel isolate was characterized by polyphasic taxonomy and a range of phenotypic and molecular characteristics were determined, as recommended by the minimal standards for describing new taxa of aerobic, endosporeforming bacteria Cultural characteristics were determined by cultivating the novel strain together with the reference strains on ISP medium 2, nutrient agar (NA) and marine agar (MA), for examination of colonies and production of diffusible pigments. Phenotypic characterization was done under identical conditions. Unless otherwise indicated, all media used were supplemented with 10 % (w/v) NaCl; strain Nari2A T was incubated at 55 u C and the reference strains were cultivated at 37 u C for 24-48 h.
On ISP medium 2, after 24-48 h of incubation, strain Nari2A
T formed circular colonies, beige to brown, with regular margins, 3-4 mm in diameter, opaque and slightly shiny. On MA and NA, small colonies, 1-2 mm in diameter, were formed after 48 h, beige and circular with regular margins. No diffusible pigments were produced.
Gram staining was carried out by the standard Gram reaction. Cells taken at exponential phase at 24 h in marine broth (MB) were used for microscopic examination. The strain was studied with respect to cell size, shape and the position of endospores by means of an Optiphot phasecontrast microscope (Nikon) (61000 magnification). For micromorphology observations, the procedure described by Fardeau et al., (1997) was followed for transmission electron microscopy studies; cell preparations were negatively stained with sodium phosphotungstate. Motility was examined by observing wet preparations under a light microscope, and in the semi-solid medium of Hugh & Leifson (1953) . The novel isolate stained Gram-positive. Microscopic examination by means of a light microscope and a phase-contrast microscope showed that strain Nari2A T forms long and thin filaments, 2-10060.1-0.2 mm. Terminal spherical to oval endospores were observed (Fig. 2 ). Cells were not motile.
Determination of physiological characteristics was carried out on a solid medium as described by Ventosa et al. (1982) . The same medium is used at liquid state. The optimal temperature for growth was determined by incubating agar plates or liquid cultures in ISP medium 2 at 15, 20, 25, 30, 37, 40, 45, 50, 55, 60, 62, 65 and 70 u C. To determine their NaCl requirement, strains were cultivated on solid and in liquid ISP medium 2 supplemented with increasing concentrations of NaCl (0, 0.5, 1, 2, 5, 7, 10, 12, 15, 16, 16.5, 17, 20 and 25 %, w/v) . Different buffer solutions were used for studying the pH range for growth on solid and liquid ISP medium 2. Buffer solutions used were citrate buffer for pH 4-6, Tris/HCl for pH 7-9, tetraborate buffer at pH 9.5-10 and Na 2 HPO 4 buffer for pH 11. Anaerobic growth was tested following the procedure of Hungate (1969) by preparing and culturing the strains under a nitrogen gas flow.
The novel isolate was aerobic, thermophilic and strictly halophilic. Growth occurred at 35-62 u C (optimum 50-55 uC). The strain required 0.5-17 % (w/v) NaCl (optimum 7-10 %) and the pH range for growth was pH 5-11 (optimum pH 7-8).
Studies of nutritional requirements were performed according to Ventosa et al. (1982) . The capacity of the strains to use carbohydrates, amino acids and organic acids as sole carbon sources was studied on mineral solid and liquid medium with the following composition (%, w/v): NaCl, 10.0; KCl, 0.2; MgSO 4 . 7H 2 O, 0.02; KNO 3 , 0.1; (NH 4 ) 2 HPO 4 , 0.1; KH 2 PO 4 , 0.05 (Ventosa et al., 1982) . When amino acids were used as sole carbon and nitrogen sources, KNO 3 and (NH 4 ) 2 HPO 4 were omitted from the medium. Organic compounds were added to the medium at a final concentration of 20 mM. Acid production from carbohydrates was examined as described by Hugh & Leifson (1953) . Carbohydrates were added to the medium at a final concentration of 1 % (w/v). Degradation of aesculin and casein was tested according to the methods of Gordon et al. (1974) and Staneck & Roberts (1974) , respectively. Sierra's protocols (Sierra, 1957) were followed for testing degradation of Tweens 20 and 80. Degradation of xanthine, hypoxanthine, adenine, tyrosine (0.5 %, w/v) and gelatin (0.4 %, w/v) was tested in TSA medium (Gordon & Mihm, 1957; Gordon, 1966) . Hydrolysis of starch was examined as described by Cowan (1974) . Urease activity was determined according to the method of Lányi (1987) . Indole production, the Voges-Proskauer reaction and nitrate reduction/denitrification were investigated following methods of Gordon & Mihm (1957) Catalase activity was determined by bubble production in a H 2 O 2 solution in contact with the bacteria. H 2 S production was tested on a medium containing 0.25 % peptone, 0.15 % meat extract, 0.015 % sodium thiosulfate and 0.027 %,FeSO 4 , used in our laboratory.
Biochemical characterization revealed that none of the carbohydrates, amino acids or organic acids tested could be utilized as a sole carbon source by the novel strain. The medium of Hugh & Leifson (1953) allowed detection of production of acids from many carbohydrates (Table 1) . Aesculin and casein were degraded. Strain Nari2A T was unable to hydrolyse gelatin, Tween 20 or 80, starch or tyrosine. Urease, methyl red, Voges-Proskauer and indole tests were negative. Strain Nari2A T was oxidase-positive and catalase-negative. The strain did not produce H 2 S. It reduced nitrate to nitrite, but nitrite reduction was negative.
Biomass used for chemotaxonomic and molecular studies, except for analysis of cellular fatty acids, was obtained from a 48 h old culture of strain Nari2A
T in MB supplemented with 10 % (w/v) NaCl and incubated at 55 u C under aerobic conditions. Fatty acid methyl esters were obtained following the method of Stead et al. (1992) and were analysed by gas chromatography using the Microbial Identification System [MIDI, Sherlock version 6.1; database, TSBA40; gas chromatograph, model 6890N (Agilent Technologies)]. The fatty acid profiles of Nari2A T and Virgibacillus kekensis DSM 17056 T were measured after cultivation of all strains on agar medium M514 supplemented with 3 % (w/v) NaCl at 40 u C for 24 h. The strains included in the fatty acid analyses agreed in their growth behaviour, and sufficient cells of comparable physiological age could be harvested from the third quadrant of the TSA plates after cultivation under the given conditions. Cellular fatty acid analysis revealed that iso-C 15 : 0 (61.6 %) and iso-C 17 : 0 (11.9 %) were the major components of the profile of strain Nari2A T (Table 1) . The cellular fatty acids of strain Nari2A T distinguished it from Virgibacillus kekensis DSM 17056 T , Thalassobacillus devorans DSM 16966 T and Sediminibacillus halophilus DSM 18088 T , which contained anteiso-C 15 : 0 as a major cellular fatty acid and contained only small amounts of iso-C 17 : 0 (Table S1 , available in the online Supplementary Material). It should be noted that the lack of anteiso-C 15 : 0 is a notable attribute of strain Nari2A T , since anteiso-C 15 : 0 is usually found as a predominant fatty acid in members of the family Bacillaceae.
Polar lipids were determined according to the method described by Minnikin et al. (1979) and separated by twodimensional TLC. The lipids were identified by using ninhydrin spray reagent (aminolipids), molybdenum blue spray reagent (phospholipids) and a-naphthol reagent (sugars). Total lipids were visualized by spraying with molybdatophosphoric acid and heating at 200 u C for 10 min. The polar lipids consisted of phosphatidylglycerol, diphosphatidylglycerol, three unknown phosphoglycolipids and two unknown phospholipids (Fig. S1 ). The novel strain resembles its closest relatives in the presence of phosphatidylglycerol and diphosphatidylglycerol as major phospholipids, but the presence of three unknown phosphoglycolipids and two unknown phospholipids constitutes a clear difference.
Isoprenoid quinones were extracted as described by Collins et al. (1977) and analysed by HPLC (Groth et al., 1996) . The major menaquinones were MK-7 (82 %), MK-6 (3 %) and MK-8 (2 %). DNA for the determination of the G+C content was obtained after disruption of cells by a French pressure cell (Thermo Spectronic) and purification on dai, Anteiso-branched; alc, alcohol; i, iso-branched.
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International Journal of Systematic and Evolutionary Microbiology 65 hydroxyapatite as described by Cashion et al. (1977) . The method of Mesbah et al. (1989) was used for analysis of the DNA base composition and the G+C content was determined by reversed-phase HPLC according to the method described by Tamaoka & Komagata (1984) . The G+C content of the DNA, calculated from the ratio of deoxyguanosine to thymidine, was 41.9 mol%.
The presence of the major menaquinone MK-7 and the genomic DNA G+C content of 41.9 mol% are characteristics that support the classification of strain Nari2A
T as a member of the family Bacillaceae.
The isomer of diaminopimelic acid was identified in the whole-cell hydrolysate (4 M HCl, 100 u C, 16 h) by TLC on a cellulose sheet (cat. no. 1.05577.0001; Merck) according to published protocols (Schumann, 2011) . The cell-wall peptidoglycan contained meso-diaminopimelic acid. Strain Nari2A T corresponds to its closest phylogenetic neighbours Virgibacillus kekensis DSM 17056 T , Thalassobacillus devorans DSM 16966
T and Sediminibacillus halophilus DSM 18088 T in displaying meso-diaminopimelic acid as the diagnostic diamino acid of the peptidoglycan, but differs from Halobacillus halophilus and Filobacillus milosensis, which are the only rod-shaped, endospore-forming relatives with L-ornithine in the peptidoglycan (Spring et al., 1996; Schlesner et al., 2001) .
Strain Nari2A
T represents a distinct lineage within the tree calculated from 16S rRNA gene sequences of its closest relatives belonging to the family Bacillaceae (Fig. 1) . Phenotypic characteristics were studied to substantiate the proposal of a new genus and species represented by strain Nari2A
T (Tables 1 and S1 ). Strain Nari2A T differs mainly by its filamentous morphology (Fig. 2 ) from other relatives of the family Bacillaceae, which are rod-shaped, excepting only the distantly related genus Gracilibacillus (Wainø et al., 1999) .
The capacity to grow at high temperatures (35-62 u C) and elevated salt concentrations (0.5-17 %, w/v) is a unique physiological feature of strain Nari2A
T . It has rarely been reported that Gram-staining-positive, rod-shaped bacilli combine thermophilic and halophilic characteristics. In fact, by its optimum growth temperature of 55 u C, strain Nari2A T is distinguished from several genera of family Bacillaceae, including its closest phylogenetic relatives (Table  1) . Thermophilic, aerobic members of the Bacillaceae with growth optima in the temperature range 45 to .70 u C are classified in the genera Bacillus, Alicyclobacillus, Brevibacillus, Aneurinibacillus, Sulfobacillus, Thermobacillus, Geobacillus and Thermolongibacillus (Sneath et al., 1986; Wisotzkey et al., 1992; Dufresne et al., 1996; Heyndrickx et al., 1998; Touzel et al., 2000; Coorevits et al., 2011; Cihan et al., 2014) . In contrast to strain Nari2AT, these species are not halophilic. The biochemical characterization allowed us to detect many noteworthy differences between strain Nari2A T and its closest phylogenetic relatives. For instance, strain Nari2A On the basis of the results presented in this study, strain Nari2A
T has been assigned to a novel genus and species in the family Bacillaceae, for which the name Melghiribacillus thermohalophilus gen. nov., sp. nov. is proposed.
Description of Melghiribacillus gen. nov.
Melghiribacillus (Mel.ghi9ri.ba.cil9lus. N.L. n. Melghir -iris the salt lake Chott Melghir in north-east Algeria; L. masc. n. bacillus a rod; N.L. masc. n. Melghiribacillus a rod from Chott Melghir, where the type strain of the type species was isolated).
Cells are Gram-staining-positive, aerobic, filamentous, endospore-forming (spherical to oval endospores), nonmotile and catalase-negative. Thermophilic and moderately halophilic. The cell wall contains meso-diaminopimelic acid. The predominant menaquinone is MK-7, but MK-6 and MK-8 are also present. The major cellular fatty acids are iso-C 15 : 0 and iso-C 17 : 0 . The polar lipids are phosphatidylglycerol, diphosphatidylglycerol, three unknown phosphoglycolipids and two unknown phospholipids. The G+C content of the genomic DNA of the type strain of the type species is 41.9 mol%. The genus belongs to the family Bacillaceae and is phylogenetically related to the genera Virgibacillus, Thalassobacillus and Sediminibacillus. The type species is Melghiribacillus thermohalophilus.
Description of Melghiribacillus thermohalophilus sp. nov.
Melghiribacillus thermohalophilus (ther9mo.ha.lo9phi.lus. Gr. n. thermê heat; Gr. n. hals, halos salt; N.L. masc. adj. philus from Gr. masc. adj. philos loving; N.L. masc. adj. thermohalophilus heat-and salt-loving).
Displays the following properties in addition to those described for the genus. Cells are oxidase-positive, long filaments, 2-10060.1-0.2 mm. After 48 h, forms beige to brown circular colonies on ISP medium 2, and beige colonies on MA and NA. Growth occurs at 35-62 u C, (optimum 50-55 u C) and 0.5-17 % (w/v) NaCl (optimum 7-10 %). The pH range for growth is pH 5-11 (optimum pH 7-8). Acid is produced from D-glucose, D-galactose, D-fructose, D-mannose, melibiose, D-rhamnose, mannitol, D-arabinose, Dribose, D-xylose, cellobiose, lactose, raffinose and maltose. Does not use D-glucose, D-fructose, sucrose, D-mannose, mannitol, myo-inositol, D-rhamnose, a-mannopyranoside, a-glucopyranoside, D-ribose, D-xylose, D-galactose, maltose, cellobiose, lactose, raffinose, acetic acid, pyruvic acid, succinic acid, citric acid, pyruvic acid, fumaric acid, alanine, valine, leucine, isoleucine, proline, arginine, asparagine, tryptophan, threonine, lysine, histidine, ornithine, cysteine, methionine, serine, aspartic acid or glutamine as sole carbon sources. Aesculin and casein are degraded, but not Tween 20 or 80, starch or tyrosine. Urease, methyl red, VogesProskauer and indole tests are negative. Nitrate reduction to nitrite is positive. Nitrite reduction is negative. Gelatin is not hydrolysed and H 2 S is not produced.
The type strain, Nari2A
T (5DSM 25894 T 5CCUG 62543 T ), was isolated from soil of Chott Melghir, a salt lake situated in north-east Algeria.
